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(57) BgftJ 

[gggg] <£fc©G a NJfcft? K>v h«Bft®§Bft*i56tc 

SGaN**»4fc, jKfflJdUKSJCTlRf*^ 
G a N*^£t;ti^*JIBf&Htf>G a N**ffl4**&& 
a N*H«4:rai5Jiaatt®G a N*»^i'JI? K 
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1 

<D&wm& y >w- ? r v 9 y mc & o xw 

-Br, 3 ^Lb<Z>*M£;fr U^oTflB ( i ) <D& : m&& 
Z^-rZG a.N&ttm (A) £, ^tffl^^lCT^-X 
ffitC^-T 5 Z. t lC«fc o T, 

WLfcGaNMfif (A) t\m^m^St<DG_aN_ 
lft^fcGaN&*m (A) tmVm&ft<DG aN*# 10 

(i) /<-*®<D^®t^£^b£^J:e>fc^®*&3i 
ZmtZ£t£<, m^--^±iZG aN^UU (A) & 

2 ] ±|S*^ F'V h &tl«>iiA/T"<-*®± 

fll## 1 9ffi<DG a N**?- Fv K«Bt®»Bi*& 
Bt*«33 JKF-F* hffl«fi®^> K^v^W. 

Jji&i-SGaN^Wf (A) £*mR*Z>b(OX'&Zm# 30 
& 1 * fcl* 2fffit&<5DG a N**?- K* h^it^SSt* 

M#K4 ] ^-xM©*mfe<fcrm^-r?> g a n& 

*m (A) 5: A 1 G aNil LT, *fflAlGaN«fctJfe 
A 1 ^©^LfcSil^tbCDW^&J&Sg^ F* h & 
%tf>T-&5ff*g 1 12®© G a N^Stf- h 

«S&ffiV\ aaBt^CioTtt&tlfcGaN**?^ 
y h«lii^ 5g^c^gft9-i:bT^-r«3i:S:m 40 

[0 0 0 1] 

[$8E©JI , *S£#i5#KF3 GaN**W4#e> 

©T'feS. 
[0002] 

dfW*-F (LED) *^Sa*vfe©&«Hf»CWfi««% 
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t)M^tv5«llc*e o X v 
[0 0 0 3] G a N&$g?6i£?-tf>fcfr-e*K 

nzbothx. mm (mm) tcmcaNci? 

■f - MC&fcttStfcfco. I n G a N©*f#FMfc 

[0 0 04] I nGaNi^ftFl^i?^^ 

I n G a N g&tfXiiClCj: oT I n G a NJftf 

KUea^RS Zlfc^^ilftofe (Appl . Phys . 
Lett.69(1996)4096 ) „ Z<DG a N^s4T- F'V 
OD^^jr-XAli, IMBInGaN^ GaAsWW 

[00 0 5] 

imamvkh Jt e> t-rssssi] ±ss©g a N^a^- f 

RlCfeoT, SlJCDGaN^*m^t>^SM ifrfV? 
M) im&FvhZ&to&tiliLX&l&tit^ GaN^ 
47-Fv h«Bti:S*V«. ^^>T, I©J:^4GaN|i 

[0 0 0 6] #5fc[8cDS#»±, ±IB0«}:e)^t^<Z)Ga 
[0007] 

[^M&^-rSfcftO^ig:] *«W»Cj:6GaN*» 
(1) GaNJMm^&ft&ISJMIIft^-^I^U M 



(3) 

3 

mkrytt- 7T**>Mc*oTSEfbs-fc 35^ 

±CWIB*&3&LfroTflB (i) O^-T^tt^^-TSG 
aN*W (A) S:, ^^g^CT^-^BK^-T 
S d £ IC J: o T, WlfeGaNj^f (A) 
SljiBfifclfrPG a Nff^fr fcjfcjj ^XSUck^kt 
"^SgjZSjI^ MbfcGaN^ (A) ai9U«B 

"HfctoG a N*tm^e>* y , iwb»t- k * h &a«wi 

[0 0 0 8] ±a&feJ:tffi*T©«W3"PV^ (i) 

> (i) /<-^ii©«B^&IMi:a***^**ss^ 

^K-^®±lCGaN^sW (A) & 
AAJtLflfe J: e> fc, ^-*Jg©G a N**i»»C**+* 
[0009] ( 2 ) ijaftf - K* h ftWMiA/Tf^-^ 

■J- Kv h i: i*ife«*WitflBillBi:fflJlflS: iSi^i 

n£2©a±sugu «©j*y-Ky MWitfc+sfc© 

[0 0 10] (3) «T>Kv h©*moA> F^f-vy^" 

±IB ( 1 ) * fcl* ( 2 ) teM(DG a N**T- F'V h*£g 

[0011] (4 ) ^-XM©Wfe«fctm^-t-2> G a 
NJfctW* (A) SAlGaNtUT, fCAlGaNJ: 

y %) a 1 &&om>Ltcimstofflftfr?>te&2& 

hSr^-tS%<OT-&*±IB (1) «B«0GaN**?- 
F>V h#5tOSSg^?& 

[0 0 12] #|8WC«}:£GaN&A3 L Fy Mi 

3t©S8&WS®fflJft»*» ±iB (1) ~ (4) ©wffufr 
ICfB^roHSt^^CioT^btlSGaN^i^F^ h ' 

[0013] *-*M£J§VV&G 

y KfeJ:tf**y7M«:^**<*-*Ififc#*^* 
GaN*tm (A) & I"** y ?*jf4j , ^v^MPi 
©miCi:oT*I^*^bt^^ns4^-Fy h©G 

LXmmirZ. GaNMKF-KyMKft (SAT, 
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i»K V MKtti ^%^e>) GaN^W 
*»&j&s6*?-Ky htfis Fy 

[0014] 

Sftfe^-^ffi-tlCG a N £ fi^ Fy 

w*37m±<Dm&t-tz>£. »KyM*ft©-Jfc«> 

UtttoRIB u * -v v ?*JfM£ W U&ttS ^ £ C 

[0 0 15] Z.3T\ GaN^*m^Mffi^-t-S«fce> 

«fc e> J&TtagOitlcT, iBW^ tfcft 

GaN*tmfcbTAlGaNS:*lftBfeRa* 
AlJSWfcb^y^fl/T^-tfA (TM 
A) , Ga^Uh'^fM'JfA (TMG) , 

[0 0 16] f£fc<D3£g#&T*&, »K9 bcD^5: 

[0 0 17] fcfe'U 
JJB (i) ©BB»fca>*. HP*>, /<-;*.®a>3S®tfl|g£ 

*. BP*., ^-^^t^ilt StCGaN 
[0 0 18] /<-^*mt^f^y^Wi:^±8B©J:e) 

^H^., 7 7 >_bJV<-^g-Cfe& G a N^senji 
50 ^-yT9*yh<DimiZ&Z>GaNMSgkM&ffi<D 



(4) 

5 

^ffi5ftfiB©£fblCOHTtiU #U<W*P83*VCV*fc^ 
£icToT, y ^Wt*WeWKDl» 6. * 

gB pyFT hh^^B^-fc/-^^^^ $ * T * 

to o l 93 

G a N#*?- Fy h«5IWl^S*x*^fc^WriBBI 

0. SM^^B©*ftKBBSS*iTfc*K /<-^lLh 

kg aNmmtffim£&mtemt.*vx^&. z. 
otmfrb* ft-feai (a) ic^-r«fce»»c fflfwicr^ 

*CWfiSfWBS:SEfba**. 37ceU:©afl/*«:* 
•*-<&GaN**m (^-vv^m) C«jS+&iR»S:* 

a &^-^®lC«Mi&-t<5. *tV^»Htt, 20 
*-*tm»C*tLT±8B (i) ©&«£&£*•#-**> 

[00 20] a ©^fc^-TSk'ttT', 

01 (b) IZm-t^K. v<-^is±tc4rtW*»K 
yhd stfjftftU $ e>K, Rft? Fy h d £il«>&A/t* 
y ^IC«t5. r © £ Fy h d 

^srajfitfWI&^fc^feS*©fc*y» ***v-fM 
1 C£*^S4M©il8J&l£& MlMciot* 
#j^r^S*tft*©*>©i:fc*. 30 
[0 0 2 1] #5Mrcv^GaN*tmi:tt. Slnj 
Gay Alz N (OSXgl, 0£Y£1. OSZg 

1, x+y+z=d Testis iiiMawwieHiiMtfe 
[0022] *-*»©*»*»*. iws«T*an«fiMb 

Fy h©*m«k *) W> F** y ^©*£v^©2>W;£ 
[0 0 2 3] *-*ifi±IC0«l^**Ary?*iW*. «f 40 

^©^b&tfS&fl^-rs. 25t©*mS:*^y^TOi: 

[0 0 2 4] /<-^®±lCif©J:e>«:iia^©*^y^*t 

*S-tt6*»l*BBJfea*ii*, BWlCfSUT 3tb6U:©G a 
WfcBttS:* -V y ^*W4»caWl"tntf J: V K «3**f© 
«3tt»fcLT*ffl*«W©-«fcUTt*, AlGaNtf 50 
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ifclCfcoT, f©AlGaNJ:UfeA1^0»L 

■ft. ^|&Ufei:fey©AlGaNS*ir'y"^»4:+*i 

[0 0 2 5] "C-xWCJKF-K* h fcJRlfctfcfcl*. ± 
BfPffl«MBWrWft^fc <fe -5 ic, ><- 7.®tc-?-©^®^S8 
fc9Efb3-ft&*Wt (7>^-b— 77f# >H) SCRUBS 
-ftS. ^-^®cr>^*-7r^*>hS:^ffla-ft* 

*ili«kv\ SWi©*i»»*BB>fean«EV^ HAtf. MO 
CVD&KioT, A 1 G a NlNMLhlH&^-^IBfc 
•rS^-T'fetlli, MOCVD|g{Bp«gT'A 1 G a N$£A 

«BHtrttc^«©r>^— 

[00 2 6] T>^"9— 7799yh*itXto£l'X& 

7r^^>hi: - tS©'T?feti^ -£©i£?fcu:H2 
^U>^a-ft<&rfctc«kU> H2 

[0 0 2 7] 7ytt-7 7V*y^^J^^Q&.„ 

^WE©SftlcX?Cii^'fc : fc©*WT'S, PS?£ 
3*vfcV\ flfcstli. AlGaNig^I^-Xltl 
m^<-^W±K A 1 G a N©aW&«*&b» Fy 

^h9x^/b*/9>*Wf&*v&. -£©f& SiH 
4 , S i2 H6 , *feli34xe>©M^^, CP2 Mg 

[0 0 2 8] Jtf-Fv hfi^rf^-vy^MSr^fia-ft* 
^IS*<, #lCMOCVD, MBE«Cif*W*bV^ 

[0 0 2 9] «>»©*?■ Fy h©^:^a, J^K, &t-& 
■f Fy h©^m©S^v^i, r^*-7ri'*>h© 
Ml, j&Kyh©fftMU& ^-^W4©^&a- 

[0030] JSUilju 1 o©4-7- Fy hW&*W8&-f& 

^•Fy b*mzmmzMj8.-tz>z.£tfx<gz. apt., h 

±®ic*ft«.*-v y ^4©^c<fc Fy h d 
1 £*WZfMB 1 ii&^fiRLJI^Fy Mfiiiifcok 
«H-e, i©»Fy hii^^y^i:©/ffi5:iai:b 



7 

mt(DBZ (d 1, Bl)~ (d 5, B5) tl>X. 5 

[o 0 3 l] #**T-F>y VW&n&mz&fcZnz-St 
■J-K* hOD^F^y^tt, zo^-xmcDttnoiA 

^W&^-ttvli^v^ ^Aft^Fy MtSglc^ 10 
^ y ^Hift sv^cufc*;^ F*-v v ~fx%ii. 

[0 0 3 2] ^W»CJ:?>T*6n«»T-Kf hffi& 
*^*fctt*-;wo&A£«fcoT*?-F 

^■«k U *>, ST- F*v h feflWt******®'^ K^r-v * 7 

t?f3^vv** l/ttt, ±fBLfe<}:e)lCAl 

GaNtfW&tlS. iKF-F^Ffc© 

[0 0 3 3] *WHfcJ:*»K* h«Btffl«Ba*at«: 
ffiV^GaN&$8^T©8^M£EI3K:*-ro HEIT* 
tt, SWI©fc«)lcf«mj&«Si©LEDS:Mi:LT^b-C 
V%S D HHKja*+J:3fc. 8MHR1-WC GaN^M 30 

»^&&*i§jiiiS:)H**Ra-arr**a*u ±$asm 

B (nS*9yFM) Mtf&tKt pM9 9 y FM, M5 
tO 0 3 4] HSOffiUCfeWSfiSe! (Pl?> nSD © 

[0 0 3 5] H3©»?Fyh«Bt3JC«W6K-^» 
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3©0!h?tt, *T-FyM83£3Mu fgi6s»3£ (Brett 
FvM (7> F-^0 *vvzfM 

c (t>f-^> tj^6«sy, *©±K:3e>fcpS!#9 

y FM4*^^SnTVN&„ *£u E|3<£K<-;*JiB£ 
T> F-^t U *-(DTfl!RCn§!tf>*5y FJf&8!B4R 

tO 0 3 6] ±IBUk<fce>lC, 5§^^T'tt, K-*** 

tt, ii fete Kt» F=¥^ v a * »J % 

rtSwb©*:**. ititt, «WT?***?-FyhK: 

[003 7] ^^®Ktt, G a N^&tfAftltt&tefc 
(DT'fentt«fc<. 0H*tt. »P,GaN^Sl^ft 
SMtSlSBCWBSftTV**, •9-7T>fT, SiC 

6 H- S i CIR' «CCiB*7 7>f 7«*K#W* b 
V\ *fei*i6«W®*iS»C, GaN«IS14:(Z*?« 
ISC J ^'la!!^^©BV^&i^f^•rS^:«)©ZnO. MgO 
^A 1 N4$0Xrty ^r-jf^lSttfctjCDT'feoTt)^ 
<, $e>{CtiGaN^^©«m?:^f^1'S ; foOT* 

ia±ic, ^■r^tt&ejt^-rs^cD^y^T-Jii 

[003 8] 

[HSfiM] *^0<JT'tts *^C«fcSfiTFy 
0>8£i:£&£;BVN&#e>, H3»C5W1KB©LED«:ai 
IBBC«f^bfe. *«6WTtt, »Fv htWSfflJ^Kife 
WM-^SAlGaNtU ^y^WilU 
AlGaNS:MJ|8^ , rSZ.i:lC<fcoT, AlGaN^ 
-7>MB£* 4^-F'Vhdi:, AlGaN^y^lC 

*?F^h«BS3tt, ^-xjf (nl??9 
KM) BSrAlo.l5°ao.85Ni:U ^y^lCtr 
>K-y©Alo.l Ga 0 ,9 Ntbfc. XfiA 

atifefiT Fy hoom&IS^fe i: i 5. a l li^mPS 

fe 0 pffl^5vF»4®«*H4, Al 0 .15Ga 

0.85Nilbfc o 
[0 03 9] Gjig^E 1 0Bf&) 
l afcU-rtt^r-fTCiaSIRfefflv^. *"fi©* 

1 a SrMOCVD^S^CgHMU 
ffl&TT' 1 2 0 0iC*T*#mU f-VMvfV^t 
iffofe. -?-©^SbSS:5 0 O'CtTTtfAlJ^tbT 
TMA, N/^ilLTT^^-T&SiEU A 1 NffijB/t 
y77-Ilb&3 0nm^S^ fSHI£tEl&49 

[0040] (ni3>^i? hM2©^] ^MSfe 
lOOOTCtCjfttU GalS^ilLTTMG, NMifBfi: 



g 

too4i] Yv hfflk3<Dmm 

®/<-*SB©7£/£; j&giaK&l 1 OOVLU TM 
a, tmg, yy^-T. Y-^yVW^hhXi/^y 

&«*SU nS!Alo.l5Gao.85NA^'fcS^-^jiB 
&0. 5Min^$itfeo ^-^.MBl^ nI?5vK 

to o 4 2] ®K-x^(D%mym I Sg£ l o o ox: 

tU H2 #X£^'J7hLT-rh5x^;i/S/5>& 

[o o 4 3 ] (D*^- h d fcdp-v v -fMCOjm. ; J* 
StaKSrl 1 OO-CiiU TMA, TMG, 7y=£-7 

ISSU SblCZl^SrrtSISlCilftiitfieJlC, A 1 G a 

[0 0 4 4] (pS?7>y KM4CWKfSD 1 
10 0'CilU TMA, TMG, T>^-T, F~^> 
HM!(s!-i:L'TtrxS/^D^>^^xr.;i/v^i/^A 20 
(Cp 2 Mg) &#*&U pfflAlo.l50ao.85N*»6 

[004 5] [pM=l>**bJi5<D7&&) ^ASSS: 
lOOOttU TMG, 7>=E-7, feitfK-/t> 
h«»i:l/TCP2 Mg.S«»U p§S!GaN:2>#* 

[004 6] mm<m&&) Hwnaifr e>si u m 

U 8 0 0TCT?2 04MWT--/WtBlS:f? 

ofe„ m&ic pM3y*t?\*m5<D±izj>mgffi6Z 

nMn>#* Mg2CD±ffi&®ffi£i»\ nS!S*i7£?£ 
J*U LEDtbfc. 
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[0 0 4 7] 'CDLED?:« T o - 1 8 Tsr b&VL V* 
yhU 2 0mAT*<Dytm<Dm%.Zfi?>t-£.Z.?>, 5 0 
mcdm ffi4lfel^mi4S:*-r-55fetf^T*feS 

[0 04 8] 

[ms^ffi^^uiB^] 

[0 1 ] ^mmcmst^mz^xG a n&a^- k» b 

[02] HilC5VrtKt*j*&»»;iS-rii:»cJ:oT« 
fetlSGaN^CD^fiS^Fy h*Bt©^*j5*"*«TBf 
0T*&£= RI0T*ttu WBB&aVfvvy*-:'^ &#»&LT 

[03] #$8WK£oT$8i3*lfcG a N&S&fcHt-?-© 

B ^-^.M 
C ^'y^I 
d fi?K^h 



[02] 



[03] 



(7) 4$BB¥l 1-3 5 4 84 0 

[01] 



(a) 




c +fr-fa 
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(72)5^s# #gip jsh§ (72)ie^# la; 1 1 mm 



